INTRODUCTION {#sec1-1}
============

Surgery of the gallbladder has evolved tremendously over the past decades. Laparoscopic cholecystectomy is considered the gold standard for gallbladder removal and is the most common laparoscopic procedure worldwide.\[[@ref1]\] The tendency of minimising surgical trauma encourages the use of new approaches in laparoscopic surgery. In recent times, the innovative techniques of Natural Orifice Transluminal Endoscopic Surgery (NOTES) and Single Incision laparoscopic Surgery (SILS) have been applied in gallbladder removal as a step forward toward nearly scarless surgery.

Navarra *et al*. performed the first SILS cholecystectomy in 1997 using two trocars through one subumbilical incision and three abdominal stay sutures to aid in gallbladder retraction.\[[@ref2]\]

Thereafter, other early experiences with single incision laparoscopic cholecystectomy have been described. Although multiple groups have reported initial success with a single umbilical incision, no consensus exists concerning the optimum technique for this operation.\[[@ref3]\]

The advantages of SILS are not yet clearly defined. It has been suggested that SILS has the potential advantages of reduced postoperative pain, faster return to work, reduced port-site complications and improved cosmesis.\[[@ref4]\]

There are safety concerns regarding this technique due to the possible decreased visualisation or exposure, with a lack of triangulation and clashing of instruments. To date, no large safety and feasibility study has been published. It would be not acceptable to trade increased patient comfort for a higher complication rate, particularly if this involves common bile duct injury.

The objective of this study is to describe the cumulative experience of SILS with emphasis on the reported postoperative complications.

MATERIALS AND METHODS {#sec1-2}
=====================

A literature search was performed using the Pubmed database. Search terms included single incision laparoscopic cholecystectomy, single port cholecystectomy, minimal invasive laparoscopic cholecystectomy, nearly scarless cholecystectomy and complications. Articles including patients who underwent single incision laparoscopic cholecystectomy were selected. Furthermore, references of these articles were checked for other relevant reports. Only English articles were reviewed, dated 1997 till February 2010. All cases described here concerned adult patients, aged 18 years and older. To date, there are no randomised controlled trials comparing single incision laparoscopic cholecystectomy with multi-incision laparoscopic cholecystectomy. Although there were individual variations in the precise operative techniques used, all procedures were intended to be performed through one single subumbilical incision.

Either specially developed ports or conventional trocars were inserted through this incision. There were individual variations in retraction of the gallbladder, which could be done by additional transabdominal wall sutures or K wires. It was considered the surgeon\'s preference to use a 0-degree or 30-degree laparoscope. Only those reports were considered in which the number of additional trocar insertion was given. We classified the complications as major or minor, depending on the consequences of the complications. If a complication could be managed with conservative treatment, we defined it as a minor complication. When intervention (drainage readmission or surgery) was necessary, the complication was defined as major.

RESULTS {#sec1-3}
=======

A total of 38 articles meeting the selection criteria were reviewed. A total of 1180 patients undergoing single incision laparoscopic cholecystectomy were described.

Selection of Patients {#sec2-1}
---------------------

Indications for gallbladder removal varied from cholecystolithiasis, biliary colic, acute cholecystitis, biliary polyps, biliary dyskinesia and biliary pancreatitis. However, uncomplicated cholecystolithiasis was the main indication. In most articles, patients were preselected regarding indication and Body Mass Index (BMI). In five articles, patients with cholecystitis were included.\[[@ref4]--[@ref8]\] In two reports, patients were only selected if they were classified as American Society of Anaesthesiologists Classification (ASA I or II).\[[@ref9][@ref10]\] In seven others, it was explicitly stated that the selected patients had a BMI of 35 kg/m or less.\[[@ref10]--[@ref17]\] In five studies, no clear inclusion criteria were mentioned.\[[@ref18]--[@ref22]\]

Operative Technique {#sec2-2}
-------------------

Introduction into the abdomen was performed through one single umbilical incision. A total of 1037 patients underwent a single incision laparoscopic cholecystectomy, through one umbilical skin incision with several separate fascial incisions. The length of the umbilical skin incision varied from 12 to 20 mm.\[[@ref3][@ref5][@ref11]--[@ref13][@ref19][@ref21]--[@ref25]\] Specially developed ports (e.g., SILS-port^™^, Covidien, Inc., Norwalk CT, USA Triport^™^ advanced surgical Concepts, W, Ireland, Airseal^™^ Surgiquest, Inc., Orange, CT, USA and Gelport^™^, Alexis, applied Medical, Rancho Santa margarita, CA, USA) or wound retractors (Alexis^™^, applied Medical, Rancho Santa margarita, CA, USA and SITRAC device^™^, Edlo company, Porto Alegre, Brazil) were used in 143 patients. With these devices, a single fascial incision is used.

Regarding retraction of the gallbladder, in 15 articles, no extra transabdominal sutures or retracting instruments were used. Instead, flexible instruments with articulating graspers were used. In nine articles, one transabdominal suture is placed at the right subcostal margin, which is then placed through the fundus of the gallbladder to retract it cephalad. This suture acts as the surgeon\'s left hand and can retract the gallbladder to the left or right during the procedure without the use of an extra laparoscopic grasper. In three articles, two transabdominal sutures were used for gallbladder retraction. One needle suture is placed subcostally in the midclavicular line at the right side, which is then placed through the fundus of the gallbladder and the second transabdominal suture was placed subxiphoidal through the infundibulum from medial to lateral. Clips are then applied to the medial and lateral aspects of the infundibulum at the insertion and exit of the latter suture. In three articles, three transabdominal sutures are placed. Two sutures at the right subcostal margin in the dome of the gallbladder and a third suture was placed at the infundibulum from the midline of the abdomen to the right upper quadrant. This final suture was held in place by a second pass through the gallbladder, locking the suture at the base of the gallbladder. Schlager *et al*. used transabdominal endoloops; these were introduced in the peritoneal cavity through a 5-mm trocar and attached to the gallbladder fundus, which is then retracted anteriorly to the abdominal wall and exits the abdomen at the right subcostal margin. They also used the Endograb, which is an internal anchored retracting device that can be introduced in the abdomen through a 5-mm port. Once deployed, one of the two grasping ends is attached to the gallbladder, while the other is anchored to the abdominal wall, leaving no visible marks.\[[@ref6]\] In one article, a small 25-mm incision is made at the right upper quadrant to introduce a minigrasper (20 mm) to retract the gallbladder.\[[@ref26]\]

In 49 cases, additional ports were inserted. Main reasons for extra port insertion were visualisation problems and bleeding.\[[@ref6][@ref7][@ref9]--[@ref14][@ref18][@ref23][@ref27]--[@ref30]\]

When additional ports were needed, in 22 cases, just one extra port was necessary to complete the procedure safely. In the other cases, a conventional multi-incision laparoscopic cholecystectomy was performed. Conversion to the classic open cholecystectomy was indicated in five patients. Main reasons for this type of conversion were bleeding and adhesions. In 0.04% of the patients, an intraoperative cholangiogram was performed.\[[@ref2][@ref5][@ref11]\]

The mean time of follow-up was only described in 16 articles, follow-up varied from 72 hours to 24 months.

Complications {#sec2-3}
-------------

Minor complications, treated conservatively, are listed in [Table 1](#T1){ref-type="table"}. Intraoperative bile leakage due to gallbladder perforation was reported in 18 patients, although this parameter was not described in each article. Wound seroma was described in 17 patients, a subcutaneous wound infection in eight, a subumbilical haematoma in five, a paralytic ileus in two,\[[@ref5]\] a skin laceration in one and a perihepatic fluid collection in another patient.\[[@ref5][@ref9][@ref10][@ref13][@ref24]\] In one patient, a temporary bleeding from a mesenteric injury was caused due to grasping of the small bowel mesentery during removal of the wound retractor.\[[@ref5]\] Conservative treatment was installed for all these complications and consisted of a wait and see policy or administration of antibiotics.

###### 

Minor complications, 24 cases, 2%

![](JMAS-8-1-g001)

The major complications, defined as those requiring intervention or readmission, are listed in [Table 2](#T2){ref-type="table"}. In 11 patients, a retained stone was found in the common bile duct (CBD) for which an Endoscopic Retrograde Cholangiopancreaticography (ERCP) -guided drainage with incision of the papilla was indicated.\[[@ref5][@ref9][@ref15]\] There were nine readmissions due to pain, treated with extra painkillers. Seven postoperative symptomatic bile leaks (0.6%) were described. Four leaks were due to accessory duct leaks.\[[@ref3][@ref9]\] Two leaks were caused by a cystic duct stump leak.\[[@ref4][@ref31]\] There was one lesion of the right hepatic duct, caused by electrocautery. All these leaks were treated with an Endoscopic Retrograde Cholangiopancreaticography (ERCP) and stent placement \[[Table 3](#T3){ref-type="table"}\]. One patient had urinary retention and required catheter insertion.\[[@ref13]\] One umbilical hernia was seen, which was treated surgically because of incarceration.\[[@ref15]\] One patient suffered from renal failure.\[[@ref5]\] No additional information regarding this renal failure was given. One biliary stricture was successfully treated 1 year after the primary operation with dilation through endoscopic retrograde cholangiopancreaticography (ERCP), with resolution and normalisation of liver function tests \[[Table 2](#T2){ref-type="table"}\].\[[@ref5]\] One laparotomy was necessary due to bleeding after injury of the vesical artery. This was noted 3 hours after single incision laparoscopy.\[[@ref32]\] There were no reported deaths in these studies.

###### 

Major complications, 32 patients (2.7%)
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DISCUSSION {#sec1-4}
==========

SILS marks the beginning of a new era in the field of surgery. SILS purports to offer reduced postoperative pain, faster return to work, less port-related complications and better cosmesis. Some reports suggest a promising future for this innovative technique.\[[@ref1]\] This is a preliminary conclusion as long as the safety of this procedure has not been established yet.

One of the questions regarding safety of SILS is the difficulty to attain similar critical view of safety as in conventional laparoscopic cholecystectomy due to limited instrumentation, clashing of instrumentation and lack of triangulation. It seems likely that these aspects result in a learning curve in which increased incidence of complications is likely to occur.

In order for a newly developed technique to be adopted or favoured above the gold standard, it should at least be as safe as this procedure with preferably extra advantages.\[[@ref33]\]

The present study analyses the frequency of postoperative complications after single incision laparoscopic cholecystectomy in order to elucidate its safety.

The most feared complication after laparoscopic cholecystectomy is bile duct injury. Other major, more frequent complications are haemorrhage, subhepatic abscesses and those lesions that require surgical intervention or stenting.\[[@ref34]--[@ref36]\]

Major complications, requiring any intervention of readmission, occurred in 2.7% of the patients, as listed in [Table 3](#T3){ref-type="table"}.

###### 

Bile duct injuries (7 cases, 0.6%)

![](JMAS-8-1-g003)

Intervention by either ERCP and stenting or surgery was necessary in 1.7% of the cases. The most feared complication after cholecystectomy, bile duct lesions (duct of Luschka, right hepatic duct and cystic duct stump leakage) occurred in 0.6% of patients. In addition, in 0.08% of patients, a biliary stricture occurred which may be due to missed bile duct injury and/or arterial laceration.

We could not extract from the articles whether the major complications were related to more demanding cases such as acute cholecystitis. Also, it was not mentioned whether they occurred in cases with obscured anatomy, requiring extra ports to be inserted.

One could assume that the lack of experience, and therefore the learning curve was a determining factor for causing complications. Indeed, in 17 articles, the experience of SILS was restricted to 15 patients or less.\[[@ref7][@ref8][@ref18]--[@ref22][@ref25][@ref26][@ref33][@ref37]--[@ref41]\]

We noted one report of an umbilical hernia, which was incarcerated and needed surgery. Since the median follow-up time is very low, there is probably an underestimation of this complication. One could assume that the number of umbilical herniation would be higher in the single incision group due to the fact that the umbilical incision might be slightly longer than the umbilical incision seen in the conventional laparoscopic cholecystectomy. On top of the length of the incision, the introduction of the larger single-incision-ports may give extra pressure and tension on the tissue, causing more damage and leading to possible more herniation at the entry site.

Although the number of complications reported seems favourable, it is too early to conclude that SILS is a safe procedure. Operations were performed on preselected patients, as obese patients and those with acute cholecystitis were avoided in most studies. Moreover, it is likely that these early reports on a new technique originate from expert centres with special interest in endoscopic surgery. Finally, follow-up is relatively short in most series \[[Table 4](#T4){ref-type="table"}\], therefore some long-term complications as port site herniation may be underestimated. For these reasons, this review is biased by underreporting of complications as compared to the situation where the technique is performed in general practice on a wider selection of patients.

###### 

Mean follow-up period after single incision laparoscopic cholecystectomy
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This retrospective review of 1180 cases is too early to draw definite conclusions. The first results of cumulative experience on single incision laparoscopic cholecystectomy are promising. The exact position of the technique can only be established in a prospective randomised setting.

**Source of Support:** Nil

**Conflict of Interest:** None declared.
